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1. INTRODUCTION {#joa312262-sec-0005}
===============

Cardiac implantable electronic devices (CIED) play a role in ameliorating the quality of life and survival. With the increasing use of CIED, the related infection rates have also spiraled.[1](#joa312262-bib-0001){ref-type="ref"} Additionally, the associated morbidity and mortality following CIED infection is high.[2](#joa312262-bib-0002){ref-type="ref"} The use of prophylactic measures such as pre‐operative antibiotics to prevent CIED related infections is necessary. A recent and largest till date randomized controlled trial demonstrated that adjunctive use of antibacterial envelope is beneficial in terms of reducing periprocedural infection without added complication rates.[3](#joa312262-bib-0003){ref-type="ref"} Therefore, we conducted an updated meta‐analysis of observational studies and randomized control trials (RCTs) assessing the role of antibiotic envelopes in preventing CIED‐related infections as compared to standard infection prevention strategies.

2. METHODS {#joa312262-sec-0006}
==========

A systematic search was conducted on Medline/PubMed and EMBASE/Ovid database for relevant studies from inception to May 2019 using the following terms \"Antibacterial envelope,\" \"Antimicrobial envelope," AIGISRx, TYRX, \"TYRX‐A," \"Cardiac Implantable device infection," \"Infection.\" The online search was supplemented with a manual search of bibliographies from relevant articles and reviews. Two authors independently reviewed the title and abstract of searched citations to identify relevant articles and extracted data from included articles. The outcome of interest being infection rates. All infections and major infections were analyzed separately. Major infections were defined in all study as one of the following, infection requiring device removal, an invasive procedure for infection control, long term antibiotic followed by infection recurrence following discontinuation, or death. We used the Mantel‐Haenszel method with a fixed‐effect model to compute risk ratio (RR) with 95% confidence interval (CI). Heterogeneity was assessed using the *I* [2](#joa312262-bib-0002){ref-type="ref"} test \>60% or *χ* ^2^ *P* \< .05. We also conducted a subgroup analysis for first‐generation/non‐absorbable antibiotic envelope and second‐generation/absorbable antibiotic envelope. Data were analyzed using RevMan Version 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). A trial sequential analysis adjusted confidence interval (TSA‐CI) for RR was calculated to accommodate for possible Type I error.

3. RESULTS {#joa312262-sec-0007}
==========

Database search yielded 66 studies, of which seven studies were included, six observational and one RCT, summing to a total of 14 859 procedures.[3](#joa312262-bib-0003){ref-type="ref"}, [4](#joa312262-bib-0004){ref-type="ref"}, [5](#joa312262-bib-0005){ref-type="ref"}, [6](#joa312262-bib-0006){ref-type="ref"}, [7](#joa312262-bib-0007){ref-type="ref"}, [8](#joa312262-bib-0008){ref-type="ref"}, [9](#joa312262-bib-0009){ref-type="ref"}

The use of antibiotic envelope was associated with significantly lower risk of CIED related infections (Major and/or minor) \[RR: 0.41, CI: 0.31‐0.54, *P* \< .05, *I* ^2^ = 75%, *χ* ^2^ *P* \< .05\]. The TSA‐CI for RR was also 0.14‐0.72. The TSA diversity adjusted information size calculated was 14 438. Both first and second‐generation antibiotic envelopes curtailed the risk of CIED related infection (Major and/or minor), first‐generation antibiotic envelope \[RR: 0.26, CI: 0.14‐0.49, *P* \< .05, *I* ^2^ = 58%, *χ* ^2^ *P* = .05\], second‐generation antibiotic envelope \[RR: 0.48, CI: 0.35‐0.65, *P* \< .05, *I* ^2^ = 91%, *χ* ^2^ *P* \< .05\] (Figure [1](#joa312262-fig-0001){ref-type="fig"} Panel A). Further, the use of antibiotic envelope was associated with significantly lower risk of CIED related major infection \[RR: 0.48, CI: 0.32‐0.70, *P* \< .05, *I* ^2^ = 60%, *χ* ^2^ *P* = .04\] (Figure [1](#joa312262-fig-0001){ref-type="fig"} Panel B). Both first‐ and second‐generation antibiotic envelopes curtailed the risk of CIED related major infection. Besides, high heterogeneity (as identified by *I* ^2^ and *χ* ^2^ *P*‐value) associated with all pooled estimates is to be considered during its interpretation.
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4. DISCUSSION {#joa312262-sec-0008}
=============

The efficacy of antibiotic envelope in preventing CIED related infection was established in the present meta‐analysis which included 14 859 procedures, substantially expanding on the previous meta‐analysis which included 4779 procedures.[10](#joa312262-bib-0010){ref-type="ref"}

Numerous studies have reported increased mortality and health cost expenditure associated with CIED infection.[2](#joa312262-bib-0002){ref-type="ref"} Until recently, there was limited evidence on effective prophylactic strategies to prevent infection during CIED procedures. Pre‐operative prophylactic (1 hour prior to surgery for cefazoline/ 2 hours prior to surgery for vancomycin) use of antibiotics with in‐vitro activity against staphylococci (cefazoline, vancomycin) is recommend as a class I indication (level of evidence: A) by the American heart association and heart rhythm society.[11](#joa312262-bib-0011){ref-type="ref"} Complete removal of the hardware is strongly recommended in patients with established CIED‐related infection. In 2008, the FDA approved the use of antibiotic envelope as a prophylactic strategy to prevent CIED infection. Several retrospective and observational studies have documented the efficacy of antibiotic envelopes in preventing CIED related infection. The WRAP‐IT trial, one of the most recent and largest till‐date, studied the efficacy and safety of antibiotic envelops as adjuvant therapy to standard infection prevention strategies. The study concluded that the use of antibiotic envelope resulted in a significantly lower incidence of major CIED infections as compared to standard of care infection prevention strategies.[3](#joa312262-bib-0003){ref-type="ref"} Our meta‐analysis was consistent with these findings and showed a reduced risk of CIED‐related infection (both major/ minor and, major only) with the use of antibiotic envelopes. Also, as interpreted from the TSA‐CI the possibility of Type I error associated with the result was snubbed and sufficient information size had been reached for the conclusion.

The use of an antibiotic envelope is associated with several deterrents. One must consider the cost associated with prophylactic antibiotic envelop use.[4](#joa312262-bib-0004){ref-type="ref"} Also, the effect of antibiotic envelops on hard clinical endpoints like death is not well established.[3](#joa312262-bib-0003){ref-type="ref"} Observational studies in the past failed to report an increased occurrence of post‐implantation mechanical complications like generator pocket hematoma, lead dislodgment and migration, etc in the antibiotic envelop cohort as compared to the non‐envelop cohort.[9](#joa312262-bib-0009){ref-type="ref"} However, these outcomes need further validation. Furthermore, though the present study, documented the beneficial effect of both first‐generation/non‐absorbable and second‐generation/absorbable envelope, the use of absorbable envelope provides an added benefit of no foreign body nidus for potential future infections.

The result of the meta‐analysis should be interpreted in light of several limitations. Most studies included in the analysis are not RCTs. The duration of follow up for each study has not been accounted for. Devices and antibiotics in each study were different. Lastly, the definition of infection varied among studies.

In conclusion, prophylactic use of antibiotic envelopes as an adjuvant therapy to standard infection prevention strategies, helps in reducing the risk of CIED infections.
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